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Background. Children have a lower response rate to antimonial drugs and higher elimination rate of antimony (Sb) than adults. Oral miltefosine has not been evaluated for pediatric cutaneous leishmaniasis.
Methods. A randomized, noninferiority clinical trial with masked evaluation was conducted at 3 locations in Colombia where Leishmania panamensis and Leishmania guyanensis predominated. One hundred sixteen children aged 2-12 years with parasitologically confirmed cutaneous leishmaniasis were randomized to directly observed treatment with meglumine antimoniate (20 mg Sb/kg/d for 20 days; intramuscular) (n 5 58) or miltefosine (1.8-2.5 mg/kg/d for 28 days; by mouth) (n 5 58). Primary outcome was treatment failure at or before week 26 after initiation of treatment. Miltefosine was noninferior if the proportion of treatment failures was #15% higher than achieved with meglumine antimoniate (1-sided test, a 5 .05).
Results. Ninety-five percent of children (111/116) completed follow-up evaluation. By intention-to-treat analysis, failure rate was 17.2% (98% confidence interval [CI], 5.7%-28.7%) for miltefosine and 31% (98% CI, 16.9%-45.2%) for meglumine antimoniate. The difference between treatment groups was 13.8%, (98% CI, 24.5% to 32%) (P 5 .04). Adverse events were mild for both treatments.
Conclusions. Miltefosine is noninferior to meglumine antimoniate for treatment of pediatric cutaneous leishmaniasis caused by Leishmania (Viannia) species. Advantages of oral administration and low toxicity favor use of miltefosine in children.
Clinical Trial Registration. NCT00487253.
Internal migration and demographic changes in Latin America have been accompanied by transmission of dermal leishmaniasis in the domestic setting and increased incidence among children [1] [2] [3] [4] [5] . Pentavalent antimonial drugs continue to be the first-line treatment for cutaneous leishmaniasis in Latin America [6] .
Children have only recently been included in clinical trials, revealing a significantly lower response rate and significantly higher elimination rate of antimony compared with adults [7, 8] . These concerns and the challenge of adherence to treatment requiring daily intramuscular injections over the course of 20 days in remote, resource-poor settings where cutaneous leishmaniasis occurs demand an effective therapeutic alternative for pediatric cutaneous leishmaniasis. Oral miltefosine is well tolerated and efficacious against Old World visceral leishmaniasis and cutaneous leishmaniasis caused by some but not all species of Leishmania [9] [10] [11] [12] [13] [14] [15] [16] . Variable susceptibility of Leishmania species to miltefosine has been suggested by in vitro analyses [17, 18] . Although the efficacy of miltefosine in children has been shown for visceral leishmaniasis caused by Leishmania donovani [19] [20] [21] , efficacy for pediatric cutaneous leishmaniasis has not been evaluated. Recently reported trials conducted in Brazil included very small numbers of children, few being ,7 years of age [14, 15] . Treatment policy for use of miltefosine in pediatric cutaneous leishmaniasis awaits randomized controlled evaluation of efficacy in the target population. We report the results of a multicenter, open-label, randomized, noninferiority clinical trial of miltefosine versus meglumine antimoniate for pediatric cutaneous leishmaniasis caused by species of the Viannia subgenus.
METHODS

Study Populations
The study was conducted in 3 geographic locations in Colombia: the municipalities of Chaparral (Tolima), Tumaco (Nariño), and Cali (Valle). Chaparral, located in the central region of Colombia, experienced an epidemic outbreak of cutaneous leishmaniasis between 2003 and 2007 characterized by domestic transmission of Leishmania guyanensis [5, 22] , which is now endemic. Tumaco, on the southern Pacific coast of Colombia, is endemic for Leishmania panamensis and to a lesser extent Leishmania braziliensis. Cali is the capital of the Department of Valle del Cauca, located within the northern Pacific coast region, and is the referral center for leishmaniasis from southwestern Colombia, where both L. braziliensis and L. panamensis are prevalent, with the latter predominating. [23] [24] [25] .
Eligibility Criteria
Eligible participants included children aged 2-12 years with parasitologically confirmed cutaneous leishmaniasis who were available to receive supervised treatment for up to 28 days and participate in follow-up for 26 weeks. Exclusion criteria were weight ,10 kg, mucocutaneous disease, use of anti-Leishmania medications during the month prior to diagnosis, medical history of cardiac, renal, or hepatic disease, menarche, and baseline values for hemoglobin, amylase, aspartate aminotransferase (AST), alanine aminotransferase (ALT), creatinine, and serum urea nitrogen outside the normal range. In case of borderline values, decision to include or exclude was supported by clinical assessment. Patients who were ineligible for the trial, declined to participate, or withdrew consent received standard-of-care treatment in accordance with guidelines of the Colombian Ministry of Social Protection [26] .
Study Design
This multicenter, open-label, randomized clinical trial with masked evaluation was designed to determine the noninferiority of miltefosine (ImpavidoÒ; Zentaris) compared with standardof-care treatment with meglumine antimoniate (GlucantimeÒ; Aventis Pharma). The rationale for determining noninferiority was based on the advantage of oral administration and the lower toxicity profile of miltefosine. Double blinding was not undertaken because of the different routes of administration of the study medications and the unjustified and unethical risk of injection placebo. Sample size estimate assumed 20% treatment failure for meglumine antimoniate and 15% for miltefosine and a 15% maximum inferiority of miltefosine. Sixty-two children per group were necessary to demonstrate this difference with an a value of .05 (1 tail) and a power of 90%. The 15% maximum difference was determined by consensus of a panel of physicians experienced in the treatment of leishmaniasis.
The study was approved by the institutional ethical review boards of Centro Internacional de Entrenamiento e Investigaciones Medicas (CIDEIM) and Centro Dermatoló gico Federico Lleras Acosta, the national reference center for dermatologic disease. Legal guardians of all participants provided written informed consent; patients aged $7 years provided written informed assent.
Participants were randomized to receive either meglumine antimoniate (81 mg Sb/mL) at 20 mg Sb/kg/d intramuscular for 20 consecutive days or miltefosine (10 mg miltefosine/capsule) at 1.5-2.5 mg/kg/d by mouth during 28 consecutive days, divided into 2 or 3 daily doses. A computerized balanced block randomization scheme was used to generate group assignment, which was stratified according to study site and age group (2 to , 7 and 7-12 years). To ensure allocation concealment, treatment was assigned by the coordinating center (CI-DEIM) via phone call from the study site at subject inclusion. Directly observed treatment was administered daily by study personnel.
Clinical and Laboratory Procedures
Clinical evaluation was conducted at enrollment, daily during treatment, and at 13 and 26 weeks after initiation of treatment. Lesions were measured and standardized photographs were taken at enrollment and 13 and 26 weeks after initiation of treatment or when a therapeutic failure was identified. Rescue treatment was either meglumine antimoniate or miltefosine and was directly observed by study personnel.
Parasitologic diagnosis was established by microscopic examination of tissue smears and culture of aspirates from the lesion border [27] . Leishmania species were identified using a panel of subgenus and species-specific monoclonal antibodies or isoenzyme electrophoresis [23, 25] . Aspirates of lesions were obtained at the end of treatment and cultured as described elsewhere [27] . Hemoglobin, amylase, AST, ALT, alkaline phosphatase, creatinine, and serum urea nitrogen levels were evaluated midway and at the end of treatment to monitor potential drug-related toxicity. Children presenting with abnormal laboratory values were monitored until their normalization.
Outcome Definitions
The primary outcome of the study was therapeutic failure determined at or before 26 weeks after initiation of treatment.
During each follow-up visit, lesions were evaluated and classified as follows.
End of Treatment
Improvement was defined as a decrease in lesion size and inflammatory signs (induration, raised borders, redness) of lesions; apparent cure, as complete re-epithelization and absence of inflammatory signs for all cutaneous leishmaniasis lesions; and early treatment failure as an increase of .100% in the size of any lesion compared with its size at baseline or the appearance of new cutaneous leishmaniasis lesions.
Weeks
Initial therapeutic response was defined as complete reepithelization and the absence of inflammatory signs for all cutaneous leishmaniasis lesions, and therapeutic failure at week 13 was defined as incomplete re-epithelization and/or the presence of induration, raised borders, or redness in any lesion or the appearance of new lesions. 26 Weeks (Final Therapeutic Outcome) Final therapeutic response was defined as an initial clinical therapeutic response attained by week 13 and maintained until week 26 without the appearance of new lesions, and therapeutic failure at week 26 was defined as the presence of inflammatory signs (induration, raised borders, or redness) or ulceration in any of the original lesions or the appearance of new lesions.
When participants met definitions of therapeutic failure (at any of the follow-up visits), follow-up was concluded, and alternative treatment was provided. To eliminate ascertainment bias, treatment outcome was determined by a masked evaluator using standardized photographs of lesions. In case of disagreement between the clinical evaluation by study site physicians and the masked evaluator, the photos were evaluated by a second masked dermatologist. This occurred in 4 cases; outcome assessment by the 2 masked evaluators concurred in all cases.
Adverse events were identified throughout treatment and follow-up by study personnel using a structured questionnaire to record constitutional and gastrointestinal symptoms. Adverse events were classified according to Common Terminology Criteria for Adverse Events, version 3.0 [28] .
Parasitologic response, defined as failure to culture parasites from lesion aspirates obtained at the end of treatment, was a secondary outcome. The effect of Leishmania species, study site, and patient age on the efficacy of oral miltefosine in children with cutaneous leishmaniasis was explored in post hoc subgroup analyses.
Statistical Methods
Baseline characteristics were compared using Mann-Whitney, Fisher's, and v 2 tests. Proportions of patients presenting treatment failure in each group were compared using v 2 test for contingency tables. The 98% confidence interval (CI) of the difference in the proportion of therapeutic failures was estimated. Miltefosine was considered noninferior if the proportion of treatment failures was #15% higher than for meglumine antimoniate (1-sided test, a 5 .01). Logistical regression models were fitted to assess the relation of Leishmania species, patient age, and size and number of lesions with the outcome. Data were entered into the TrialDB database after verification. Analyses were performed using Stata software, release 9.2. Data were analyzed as intention to treat (ITT) and per protocol (PP). Subjects withdrawn from the study or unavailable for follow-up were considered therapeutic failures for ITT analysis and excluded from PP analysis. The data safety monitoring committee adopted a plan of analysis to estimate the relationship of adverse events and laboratory results with each study medication from initiation to end of treatment, and the committee reviewed reported adverse events and the corresponding patient histories.
Interim analysis was conducted when 80 children (meglumine antimoniate, 41; miltefosine, 39) had completed the final follow-up. The PP and ITT analyses were performed assuming a 5 .01. Based on this analysis, enrollment was stopped with 116 subjects. Although sample size was estimated assuming a 5 .05, we report results assuming the more conservative significance level used in the interim analysis (a 5 .01).
RESULTS
Study Participants
Patients were enrolled from July 2007 to November 2009. The last 26-week follow-up was completed in June 2010. Eligibility was evaluated in 142 children. A total of 116 children, 54 from Tumaco, 50 from Chaparral, and 12 from Cali, were randomized to receive meglumine antimoniate (n 5 58) or miltefosine (n 5 58) (Figure 1 ). The dose of miltefosine that was actually administered based on the pediatric presentation as capsules of 10 mg ranged from 1.8-2.5 mg/kg/d (mean, 2.3 mg/kg/d). One patient per group failed to complete the assigned treatment: a serious adverse event (sickle-cell crisis) required withdrawal of a patient from the meglumine antimoniate group; informed consent was withdrawn for a patient in the miltefosine group. Directly observed treatment and follow-up evaluation at 26 weeks were completed by 95.6% of randomized patients (111/116).
The only significant difference between groups for baseline characteristics was more frequent presence of palpable lymphatic involvement along the trajectory-draining lesions in the miltefosine group (Table 1) . Importantly, children aged ,7 years, who have been shown to eliminate antimony more rapidly than adults [8] , constituted approximately half of the subjects in both treatment groups.
Parasites were isolated and identified in 51.7% of participants (60/116) from samples obtained at the baseline visit. The majority (71.6%) were L. panamensis, followed by L. guyanensis (26.6%). Only L. panamensis was isolated from 32 of 54 patients enrolled in Tumaco, and only L. guyanensis was isolated from 16 of 50 patients enrolled in Chaparral. L. braziliensis was isolated from 1 patient in Cali; all others (11/12) were L. panamensis.
Primary Outcome
Therapeutic failures were diagnosed in 23 patients ( Table 2) : 16 of 56 in the meglumine antimoniate group and 7 of 55 in the miltefosine group. By ITT analysis, the failure rate was 17.2% (98% CI, 5.7%-28.7%) for miltefosine and 31% (98% CI, 16.9%-45.2%) for meglumine antimoniate. The difference in outcome between the 2 treatment groups was 13.8% (98% CI, 24.5% to 32%). Results of PP analysis were similar (Table 2) , with a 15.9% (98% CI, 21.7% to 33.4%) lower failure rate for miltefosine. In both analyses, the lower limit of the confidence interval of the difference was well above 215% (the predetermined delta), establishing noninferiority of miltefosine.
Early treatment failure was diagnosed in 1 patient receiving meglumine antimoniate at the end of treatment (Table 3) . Ten additional therapeutic failures in the meglumine antimoniate group and 4 therapeutic failures in the miltefosine group were diagnosed at or before the week 13 evaluation. All other therapeutic failuresd5 in the meglumine antimoniate group and 3 in the miltefosine groupdwere diagnosed at the week 26 evaluation (Table 3) .
One patient in the meglumine antimoniate group and 3 in the miltefosine group had received treatment with meglumine antimoniate .2 months before enrollment in the study. Treatment failed only in the child randomized to meglumine antimoniate.
Secondary Outcomes and Post Hoc Analyses
Post hoc analyses suggest a possible association between treatment response and age, Leishmania species, and study site (Table 4 ) However, none of these associations reached statistical significance in Mantel-Haenszel tests of homogeneity. Neither sex nor clinical characteristics of lesions were associated with outcome of treatment.
In children aged ,7 years, therapeutic response to miltefosine was significantly higher than response to meglumine antimoniate (89.9% vs 57.1%; P 5 .008). The response to meglumine antimoniate was lower in this age group than in children aged $7 years (57.1% vs 80%; P 5 .06), but this difference did not reach statistical significance.
Among patients from whom parasites were isolated at diagnosis, infections caused by L. panamensis presented a higher failure rate with meglumine antimoniate than with miltefosine (36.8% vs 8.3%; P 5 .02). The low proportion of patients from whom L. guyanensis was achieved precludes conclusions regarding treatment response based only on patients from whom this species was isolated. However, assuming that most, if not all, patients in Chaparral were infected by L. guyanensis, the equal failure rate (8/25) for miltefosine and meglumine antimoniate among participants enrolled at this study site indicates that infections with L. guyanensis were similarly responsive to both drugs. L. panamensis was cultured from lesion aspirates after treatment in only 3/51 patients evaluated. All were from patients treated with meglumine antimoniate who presented therapeutic failure during follow-up. The low efficiency of culture post-treatment precluded analysis of association of parasitologic response with treatment.
Adverse Events
Adverse events were evaluated in all patients that completed treatment and observed in 91, (48/57 meglumine antimoniate; 43/57 miltefosine). Ninety-five percent of clinical adverse events were grade 1 according to Common Terminology Criteria for Adverse Events classification (mild symptoms that do not interfere with regular activities). Patients receiving meglumine antimoniate more frequently had elevated levels of hepatic enzymes AST (16/57 vs 5/57; P 5 .01) and ALT (10/57 vs 2/ 57; P 5 .01), compared with patients receiving miltefosine ( Table 5 ). Gastrointestinal symptoms were more frequent for patients receiving miltefosine than for those receiving meglumine antimoniate; these included nausea (9/57 vs 2/57; P 5 .02) and vomiting (15/57 vs 2/57; P , .001). Fever and loss of appetite were more frequent in the meglumine antimoniate group, and abdominal pain was more frequent in the miltefosine group, but neither difference was statistically significant. In no case was treatment with either drug stopped because of intolerance.
DISCUSSION
Systemic parenteral treatment with pentavalent antimonial drugs is the current standard of care for cutaneous leishmaniasis in Latin America, where mucosal and chronic disease-causing species of the Viannia subgenus are responsible for the vast majority of cases [29] . Children are particularly vulnerable to transmission within the domestic setting and respond poorly to antimonial treatment [7, 30] . Furthermore, pharmacokinetics of antimony in children results in substantially lower, potentially subtherapeutic, drug exposure compared with adults [8] .
This study established the noninferiority of miltefosine to the standard-of-care meglumine antimoniate for the treatment of pediatric cutaneous leishmaniasis in 3 populations and locations where the most prevalent species of the Leishmania (Viannia) subgenus (L. panamensis, L. braziliensis, and L. guyanensis) are actively transmitted. We know of no other randomized efficacy trial of any anti-Leishmania treatment for cutaneous leishmaniasis in children. Although 2 recent studies comparing miltefosine with antimonial drug treatment of cutaneous leishmaniasis caused by L. guyanensis and L. braziliensis have included children, they were not designed to evaluate efficacy in children, who constituted a minority of patients and of whom most were aged .6 years [14, 15] . Clinical and laboratory toxicity were transient and mild for both medications, as reported in prior studies in adults [12, 31, 32] . Daily monitoring detected mild adverse events in 84.2% and 75.4% of children treated with meglumine antimoniate and miltefosine respectively, similar to the proportion and frequency detected by weekly monitoring in Brazilian studies that included children [14, 15] . Importantly, the teratogenicity risk of miltefosine, requiring effective contraception in females of reproductive age, is not an issue in children, and the oral administration of miltefosine obviates the risks and logistical demands of daily intramuscular injections in the rural communities where cutaneous leishmaniasis occurs. These advantages support targeted use of miltefosine for children and the feasibility of home-based treatment, directly observed by a family member, which could assure adherence to treatment and proper usage [33] . Such an approach is encouraged by the 95% adherence to ambulatory miltefosine treatment of visceral leishmaniasis in a phase IV trial in India, in vastly more complex social and medical circumstances, which included treatment together with contraception in females of reproductive age [34] .
Although subgroup analyses suggest there might be differential treatment response between species, study sites, and age group, these results are inconclusive because the study was not designed or powered to evaluate these factors. A major motivation of this study was evidence from previous studies supporting lower therapeutic response to antimonial drugs and the potential impact of higher elimination rates for this drug in children. For this reason, randomization was stratified by age as well as study site. Subgroup analyses suggest that miltefosine may be superior to meglumine antimoniate in children aged ,7 years and noninferior in older children. Species comparison based on isolation is limited by selection bias because of the wide disparity in efficiency of parasite isolation in the study sites, particularly Chaparral, where isolation was achieved in only 30% of participants (16/50) enrolled at this study site. Nevertheless, comparison by study site, assuming that that all or most cases were caused by L. guyanensis in Chaparral [5] and by L. panamensis in Tumaco, supports noninferiority of miltefosine in Chaparral and Tumaco and the conclusion of noninferiority of miltefosine in the target pediatric population. Prior trials in adults have shown cutaneous leishmaniasis caused by L. panamensis in Colombia to be variably responsive to miltefosine and meglumine antimoniate [31, 32] . Few studies have assessed the efficacy of miltefosine for the treatment of cutaneous leishmaniasis caused by other species. Despite the poor response of L. braziliensis to miltefosine in Guatemala [11] , trials conducted in endemic areas for L. braziliensis and L. guyanensis in Brazil and L. braziliensis in Bolivia demonstrated the efficacy of miltefosine for cutaneous leishmaniasis caused by these species in these high-burden countries [14] [15] [16] .
Distinguishing strengths of this study include randomization by age group and study site, administration of study medications by directly observed treatment, and masked evaluation. These features and the high adherence (96%) of randomized patients to the assigned treatment and retention throughout the 26-week follow-up substantiate the validity of the primary outcome. Although double blinding was not feasible, the few discrepancies between study site physicians and masked expert evaluation were resolved by a second masked evaluation, and any bias of masked evaluation would have equally affected the treatment groups.
None of the currently recommended drugs for the treatment of cutaneous leishmaniasis are ideal, particularly for children in remote endemic settings. Alternatives are needed, as is the evidence base to guide their use. The efficacy, low-toxicity profile, and advantage of oral administration of miltefosine favor the use of miltefosine for the treatment of pediatric cutaneous leishmaniasis caused by Leishmania of the Viannia subgenus. Regulation of the use of the pediatric formulation of miltefosine and adherence to treatment and pharmacovigilance will be necessary to preserve its utility [33, [35] [36] [37] . 
Notes
